Tissues are complex three-dimensional structures in which cell behavior is frequently guided by chemotactic signals. Although starvation and nutrient restriction induce many different chemotactic processes, the recreation of such conditions in vitro remains difficult when using standard cell culture equipment. Recently, microfluidic techniques have arisen as powerful tools to mimic such physiological conditions. In this context, microfluidic three-dimensional cell culture systems require precise control of cell/hydrogel location because samples need to be placed within a microchamber without obstruction of surrounding elements. In this article, SU-8 is studied as structural material for the fabrication of complex cell culture microdevices due to its good mechanical properties and sensor integration capacity. Moreover, SU-8 physical properties and their effect on a successful design for precise control of hydrogel location within microfluidic devices are studied. In particular, this manuscript presents a SU-8 based microdevice designed to create "self-induced" medium starvation, based on the combination of nutrient restriction and natural cell metabolism. Results show a natural migratory response toward nutrient source, showing how cells adapt to their own microenvironment modifications. The presented results demonstrate the SU-8 potential for microdevice fabrication applied to cell culture.
Introduction
Living tissues are composed of embedded cells within a heterogeneous extracellular matrix, which plays a key role in three-dimensional cell migration and intercellular communication (Raines, 2000; Savino et al., 2004; Korpos et al., 2010; Franco and Muller, 2011) . Several previous studies report that cell culture in three-dimensional systems produces multiple changes in cell behavior when compared to the use of classical two-dimensional systems (Baker and Chen, 2012; Huang et al., 2012; Breslin and O'Driscoll, 2013; Page et al., 2013) . In migration, such behavioral differences are caused not only by the availability of a three-dimensional environment affecting cell migration but also by generation of chemotactic processes. For example, cancer cells have been reported to migrate and invade other tissues following chemotaxis induced by SDF-1, FGF, PDGF, or TGFβ (Roussos et al., 2011) . Examples of chemotactic processes are angiogenesis (Guo et al., 2012) , immune response (Nieto et al., 1997) , and axon elongation during embryonic development (Bhattacharjee et al., 2010) . Numerous reports have shown the influence of nutrient on cell migration (Chen et al., 2011) . In this context, tumor cells often proliferate much faster than non-malignant cells, causing nutrient starvation in tumor microenvironments (Noman et al., 2011) . These conditions trigger tumor cell migration and invasiveness, worsening patient prognosis (Nagelkerke et al., 2013) . Therefore, there is increasing interest among the biological community in study cell response under these nutrient restricted conditions (Kim et al., 2013a; Zhang et al., 2013) . Various strategies have been developed for the study of cell migration in response to chemotaxis. Perhaps one of the most well-known assays involves the use of a Boyden chamber, in which cells migrate through a polycarbonate membrane in response to chemoattractants (Falasca et al., 2011) . However, as this system does not allow direct observation of cellular migration, alternative tools were developed such as the under-agarose gel (Mousseau et al., 2007) , Zigmond chamber (Zigmond, 1977) , Dunn chamber (Zicha et al., 1997) , and Insall chamber assays (Muinonen-Martin et al., 2010) . Although each of these assays has its own advantages, they generally struggle to maintain stable gradients for long periods of time (Keenan and Folch, 2008; Muinonen-Martin et al., 2010) and more important: the chemotaxis conditions are externally imposed. In all of these assays, study how cells response to their own nutrient consumption remains challenging. Recently, microfabrication and microfluidic technologies have arisen as interesting alternatives for creating high-performance cell culture systems (El-Ali et al., 2006; Kim et al., 2010; Lesher-Perez et al., 2013) . In general, such devices possess a culture microchamber housing a hydrogel and lateral microchannels delimited by a series of pillars (Figure 1) . These lateral microchannels are usually kept hydrogel-free to allow for medium perfusion (Huang et al., 2009; Farahat et al., 2012; Song et al., 2012) . Depending on the experimental protocol, cells could either be embedded within the hydrogel or located in the lateral microchannels. Injecting different media on each lateral microchannel chemical gradients across the culture chamber can be imposed (Huang et al., 2009; Kothapalli et al., 2011; Farahat et al., 2012; Funamoto et al., 2012) . The majority of recently designed microfluidic devices are fabricated using polydimethylsiloxane (PDMS), which possesses excellent optical properties. However, using PDMS has some disadvantages, including poor mechanical properties (Jeon et al., 2011) and sensor integration is challenging. Here, we present a SU-8 based microfluidic device for three-dimensional cell cultures capable to establish nutrient restricted conditions. SU-8 material was selected due to the wide range of sensors and actuators already reported to be available to be monolithically integrated: valves (Ezkerra et al., 2007; Calvo et al., 2011) , pumps , flow sensors (Vilares et al., 2010) , microneedles , polymerase chain reaction (PCR) systems (Verdoy et al., 2012) , cell sorting devices , electrophoresis (Castaño-Álvarez et al., 2009) , and Mach-Zender interferometer based sensors (Duval et al., 2012) among others. Additionally, SU-8 have been reported previously for cell culture applications (Kotzar et al., 2002; Nemani et al., 2013; Torrejon et al., 2013; Rigat-Brugarolas et al., 2014) , showing some advantages over PDMS for the fabrication of cell cultures systems, including broader chamber design possibilities (Ni et al., 2009) , good mechanical properties (Lorenz et al., 1997) , and gas impermeability (Gerhardt and Betsholtz, 2005) . Huang et al. described extensively that when using PDMS microdevices, the hydrogel location can be achieved creating a specific geometry based on a series of pillars and taking advantage of PDMS surface hydrophobicity (Huang et al., 2009 ). They also demonstrated how when hydrophilic material are used, hydrogel cannot be confined using the same geometry. As SU-8 is hydrophilic (Jokinen et al., 2012) , those described designs are not applicable. Although SU-8 can be chemically treated to render its surface hydrophobic, this requires aggressive and dangerous chemical agents such as strong acids and hydrogen peroxide (Schumacher et al., 2008) . In this study, a new design capable of confining hydrogels within hydrophilic microdevices was successfully developed and used with SU-8-based microfluidic devices. The biocompatibility of SU-8-based microdevices was evaluated at different cell densities and collagen concentration using the pre-osteoblasts cell line, MC3T3. Finally, cells were long-term cultured within the microdevice under two different conditions: (1) unrestricted conditions, medium was refreshed once a day through both lateral microchannels; (2) Restricted conditions, one lateral microchannel was sealed while continuous medium perfusion was enabled on the other lateral microchannel. After 1 week, in culture cell distribution within the central microchamber was analyzed, showing an intense self-induced chemotactic response under restricted conditions due to cell metabolism. Contrary to previous cell culture studies under artificially generated gradients (Zicha et al., 1997; Zimmermann et al., 2007; Bhattacharjee et al., 2010; Kim et al., 2013b Kim et al., , 2010 Chen et al., 2011; Funamoto et al., 2012 ) the proposed device and protocol allows the study of cell response under self-induced nutrient gradient conditions. The results presented in this paper validate SU-8 based microfluidic devices as a novel and robust tool for future three-dimensional self-induced cell migration assays and allow studying cell behavior under nutrient starvation. In this article, this methodology is validated in the context of bone tissue repair, since blood vessels are absent in bone scaffolds and nutrient support is compromised. This is the reason why MC3T3 cells were selected. However, the described methodology could be applied in many different biological scenarios.
Materials and Methods

Microfluidic Chip Fabrication
Microfluidic devices were fabricated using SU-8 photolithography combined with an SU-8 to SU-8 bonding process (Blanco et al., 2004) . Figure 2 summarizes the fabrication process, which yielded a stand-alone SU-8 microfluidic chip that was without any substrate material such as glass or silicon. The fabrication process was inspired by previously reported work describing the fabrication of SU-8 microneedles (Altuna et al., 2012 (Altuna et al., , 2013 . First, a polyimide film (Kapton) was temporarily bonded onto a Pyrex wafer (Figure 2A) . Then, a 60 µm-thick layer of SU-8 was spun onto the Kapton film and soft baked at 65°C for 30 min. After the wafer was cooled down to room temperature, a spinning protocol for the deposition of a 20 µm-thick SU-8 layer was performed, followed by an additional soft bake. The total thickness of obtained SU-8 layers was 90 µm instead of the expected 80 µm ( Figure 2B ). This can be explained by the higher frictional forces present when layering on an SU-8 surface compared to Kapton. The wafer was then exposed to a 140 mJ/cm 2 dose of UV light filtered with a mask that defines the bottom layer of the device. The exposure was followed by a post-bake step which consisted of heating the wafer to 65°C for 15 min. Three new depositions of SU-8 layers were then performed (60-, 60-, and 20-µm thick), followed by corresponding soft bakes, producing a total height of 150 µm. The wafer was again exposed to UV light (140 mJ/cm 2 ) to pattern microchannels and microchambers, post baked ( Figure 2C ), immersed in SU-8 developer, and finally rinsed in DI H 2 O ( Figure 2D ).
An additional Pyrex wafer was processed with temporary bonding to a Kapton film ( Figure 2E ). The previously described spinning procedures and soft bake processes were applied to this wafer to obtain a 90-µm-thick SU-8 layer. Inlets and outlets were defined by standard photolithography using a 140 mJ/cm 2 dose of UV light. Then, a 150 µm-thick layer of SU-8 was deposited and patterned with the same mask used to obtain microchannels and microchambers on the first wafer ( Figure 2H) . Both wafers were then aligned and bonded by heating to 90°C for 15 min under a pressure of 3 bar ( Figure 2I ). The weak adhesion between SU-8 and Kapton allowed the devices to be released manually ( Figure 2J) . A picture of a finished chip is illustrated in Figure 2K .
Packaging Tool Fabrication
In order to recreate restricted conditions, a regular flow of medium must be provided through the microdevice. A dedicated package was designed and fabricated to provide proper housing and hermetic connections to the microdevice inlets and outlets, allowing for automated cellular culture. The package body was made of polycarbonate to withstand cell culture humidity and temperature conditions. Flat bottom Upchurch fluidic connectors (Idex M-644-03x) were used to reduce dead volume and provide a smooth fluid tube-to-package transition. The package is divided into two parts: a microdevice holder with an optical observation window, and an upper manifold cover that holds inlet sealing o-rings (Barnwell BS1806-001) and tube connectors. When the manifold cover is screwed down over the chip holder, the microdevice is sealed and connected to the tubes. Both parts were fabricated with precision machining, taking special care to avoid roughness on critical surfaces such as sealing elements, fluidic connectors, and o-ring grooves. Cell Culture MC3T3-E1 cells, mouse pre-osteoblasts (ATCC, CRL-2593, kindly donated by Doctor Izal from the University of Navarra, Spain), were routinely grown in α-minimal essential media (MEM) (Lonza BE12-169) supplemented with 10% v/v fetal calf serum (Sigma F7524) and penicillin/streptomycin (DE 17-602E). For three-dimensional cultures, all needed reagents, microdevices included, were placed on ice. Cells were trypsinized and resuspended in a calculated volume of medium (α-MEM supplemented with 10% fetal bovine serum) to reach the desired concentration of cells in the final hydrogel solution. About 100 µl of hydrogel mixture (for a final collagen concentration of 1.2 mg/ml) were prepared as follows: 17.25 µl of sterile and distilled water; 12 µl of DMEM 5X with -glutamine (Sigma D5523); 0.75 µl of NaOH 1N (Sigma 221465); 30 µl of collagen 4 mg/ml (Corning, 356236); and finally 40 µl of cell suspension were added. If another collagen concentration was used, reagent amounts were modified accordingly. Using a chilled tip, solutions were injected into the device using a micropipette (detailed protocol in Section "Microdevice Design"). Then, droplets of 5-10 µl were placed on top of each inlet to prevent hydrogel leakage and evaporation. Afterwards, the microfluidic device was placed into an incubator (37°C and 5% CO 2 ) for 15 min to allow collagen polymerization. For use as a macroscopic control, 100 µl of solution was allowed to polymerize on Petri dishes.
Cell Viability
Stock solutions of 5 mg/ml fluorescein diacetate (FDA) (Sigma F7378) and 2 mg/ml propidium iodide (PI) (Sigma P4170) were prepared following supplier instructions. To test cell viability within microfluidic devices and in Petri dishes, stock solutions of FDA and PI were diluted to 5 and 4 µg/ml, respectively, in phosphate-buffered saline (PBS) (Lonza BE17-516F). Microdevices and Petri controls were washed once with PBS, and then filled with FDA/PI. Confocal images were immediately taken using a Nikon Eclipse Ti microscope. Images were collected at three different focal planes within each microdevice and Petri control. Experiments were repeated at least three times.
Long-Term Cultures Under Restricted Conditions
In order to study cell behavior during long-term experiments, cells were seeded into microfluidic devices at a concentration of 4 million cells/ml, using 1.2 mg/ml collagen hydrogel. Microdevices were incubated for 24 h in a CO 2 incubator, and then placed inside the packaging tool. To enable medium flow to the packaging tool and microdevice assembly, the device was connected to a pressurized medium reservoir. A pressure regulator (Camozzi MC104-R20) was used to apply 0.1 bar and establish medium flow. Using a flow sensor (Sensirion LG16-0430), medium flow was monitored during experiments. Connections were made with fluorinated ethylene propylene (FEP) tubes (IDEX 1650 and 1684). A GL 45 screw cap (Schott Duran 11 297 51) was placed onto the reservoir bottle along with corresponding connectors (Schott Duran 11 298 14, Schott Duran 11 298 15, Schott Duran 11 562 92) that ensure good coupling of tubing. The outlet flow from the packaging tool was directed into a 15 ml conical tube for collection of waste ( Figure 3A) . Flow data were recorded during experiments to verify flow stability ( Figure 3B ). Reservoir bottle culture medium was changed every 2 days to maintain stable concentration of media components. All the system was located within the incubator to maintain 37°C and 5% CO 2 . Experiments were repeated three times.
Image Analysis
In order to analyze cell viability in different culture conditions, viable and dead cells were counted within the central microchamber using automated Fiji software (http://fiji.sc/Fiji). Due to the high cell densities reached in some microdevice regions during medium restriction experiments, cell counting algorithms were not reliable. In order to reduce error associated with experiments, we measured the area occupied by living or dead cells comparing live/dead occupied area distribution under restricted and unrestricted conditions. Data were analyzed using PSPP software, and statistical significance was set at p < 0.05. Results are presented as mean ± SE.
Results
Microdevice Design
In order to establish three-dimensional cell culture, microfluidic devices are usually designed with a central culture microchamber (including a dedicated inlet and outlet) and lateral microchannels at both sides that are delimited with a series of pillars (Figure 1) . In this design, hydrogel, with or without cells embedded, should be confined within the culture chamber while lateral microchannels remain empty. To ensure unobstructed medium flow, it is important to avoid any hydrogel leakage from the microchamber into the lateral microchannels. During microdevice filling different interfaces appear between lateral pillars (50 µm spacing distance) and one main interface across the central microchamber (1000 µm width). The liquid behavior during microdevice filling has been deduced from geometry of these interfaces and material properties using the Young-Laplace equation (Huang et al., 2009) :
where "∆P" is the pressure difference between air and liquid, "γ" is the liquid surface tension, and "R" is the interface curvature radius. Within microfluidic devices, Eq. 1 can be rewritten as (Huang et al., 2009) :
Pressure difference at the interface is therefore expressed only as a function of the native contact angle between the liquid and solid (θ), the microchannel width (W), and microchannel height (H). Therefore, in hydrophilic materials (θ < 90°) such as SU-8 (θ range between 72°and 86°) (Schumacher et al., 2008; Jokinen et al., 2012) , this pressure difference is negative and spontaneous microdevice filling started ( Figure 4A) . When liquid spontaneously reached the central microchamber two lateral interfaces and one main front interface appeared, reaching a new interface curvature radius of 0 ( Figure 4B ). Under these circumstances capillary forces disappeared and interfaces got pinned, stopping microdevice filling. In order to stop this spontaneous filling, square-shape pillars were critical and showed a robust interface halting. To resume advancing external pressure had to be exerted, increasing the curvature radius of all interfaces until at least one of them reached a curvature equal to the native angle ( Figure 4C) . Due to their different geometry, when an external pressure was applied this curvature increase was lower on lateral interfaces compared to the main front interface. Therefore, main front interface reached first a curvature equal to the contact angle, resuming advancing trough central microchamber but without liquid leakage on lateral microchannels ( Figure 4D ). When design with such geometry and square shaped pillars, hydrogel confinement was achieved just locating a hydrogel droplet on the central inlet (10 µl). Due to its inherent curvature, this droplet exerted the needed pressure to trigger fluid advancement through the central microchamber, but not on lateral channels. Blue-colored water and either gelatine (1 and 4 mg/ml) or collagen (1.2 and 2.4 mg/ml) hydrogel was used to fill the microdevice employing the above-described method, and resulted in no leakage into lateral microchannels ( Figure 5A ). Once hydrogel, with cells embedded, was polymerized, additional solutions could be introduced to the microdevice through one or both lateral microchannels without any mixing except diffusion ( Figure 5B) .
Influence of Culture Conditions on Cell Viability
Biocompatibility of microdevices was evaluated using different cellular and collagen densities. Cell densities of 1 × 10 6 , 3 × 10 6 , and 10 × 10 6 cells/ml in collagen hydrogels of 1.2 and 2.4 mg/ml were tested. Cell viability for each condition was evaluated within microfluidic devices as well as in macroscopic controls on cell culture dishes. After 24 h, cell viability was evaluated by FDA/PI labeling. All culture conditions yielded viability higher than 90% (Figure 6) , and similar values were obtained for both microdevices and macroscopic controls. In these experiments, measurements were made after 24 h in culture to minimize possible nutrient starvation within the microdevice. Each condition was tested at least three times. Taken together with the aforementioned design considerations, these results support the use of SU-8 as suitable material for the development of three-dimensional cell culture microfluidic devices.
Self-Induced Chemotaxis Under Restricted Conditions
Cells are capable to adapt their behavior in response to their own microenvironment modifications. To investigate this notion, 1.2 mg/ml collagen hydrogel holding 4 million cells/ml was confined into the central microchamber. Microfluidic devices were left in static conditions on a Petri dish for 24 h to allow cell attachment and spreading within the hydrogel. One microdevice was then enclosed in a packaging tool, and all inlets were sealed with the exception of one pair to allow medium perfusion through one lateral microchannel (restricted conditions). After medium flow was enabled, the system was incubated for 7 days. The other microdevice was left on the Petri dish and media was refreshed once a day through both lateral microchannels (unrestricted conditions). Post-incubation images of cell distribution within the culture microchamber show cell distribution in the different conditions (Figure 7) . Cell distribution just after hydrogel confinement was apparently homogeneous across the entire microchamber ( Figure 7A) . After 1 week in culture under unrestricted conditions cell distribution seemed to remain unchanged, showing a homogeneous cell distribution ( Figure 7B) . However, under restricted conditions the result was completely different, showing an asymmetric cell distribution within the central microchamber (Figure 7C) . Under restricted condition cells seemed to concentrate nearby to the perfused lateral microchannel. This asymmetric distribution under restricted conditions could be explained by an asymmetric proliferation or asymmetric mortality within the central microchamber or also by a migratory process. To address this question, the taken images in the different conditions were split vertically into two symmetric halves and area occupied by living and dead cells was analyzed (Figure 8) . As expected, viable cells distribution after hydrogel injection (0 days) and after 7 days under unrestricted condition was nearly identical in both halves. On the other hand, after 7 days under restricted conditions, cell distribution dramatically changed. In this case, the area occupied by viable cells in the microchamber half closer to the nutrient source was significantly higher compared to the other half (p-value <0.05). Additionally, the total area occupied by live cells in all the microchambers remained almost constant between the different conditions (p-value >0.05). This suggests that there was no cell proliferation under restricted or unrestricted conditions. Furthermore, the area occupied by dead cells remained also constant in all conditions, showing medium restriction caused any cell mortality (p-value >0.05). Taking together, these results demonstrated that under restricted conditions cell metabolism generated a medium depletion, which led to a self-induced chemotactic process toward the nutrient source.
Discussion
When working with microdevices, material properties play a critical role during the critical step of liquid filling, as it has been described previously. In most of the microsystems reported in literature made of PDMS including pillars, hydrogel confinement is achieved by taking advantage of the substrate inherent hydrophobicity. Due to this hydrophobicity, interface pressure barriers are always positive, allowing the use external pressure with the pipette to push the hydrogel within the microdevice. As liquid injection through wider channels require lower pressure compared to narrower ones in hydrophobic microdevices, the hydrogel will preferably fill the central chamber rather than blocking the lateral microchannels protected by the micropillars. Although PDMSbased microdevices are normally rendered hydrophilic in order to covalently bond them with glass coverslips or between two separated PDMS layers, this change is reversible. After some time (commonly from few hours up to few days), PDMS hydrophobicity is recovered and hydrogel confinement using pillars is achieved as explained above (Huang et al., 2009 ). However, in hydrophilic materials (contact angle is lower than 90°), pressure barriers have negative values, favoring spontaneous filling of narrower microchannels. Therefore, pillars on hydrophilic microdevices are unable to prevent leakage as they do in PDMS microdevices and specific changes on pillar shape must be performed. The design presented in this paper represents an alternative strategy for microdevice filling based on geometric configurations known as capillary valves (Leu and Chang, 2004; Cho et al., 2007; Zimmermann et al., 2007; Chen et al., 2008) . These valves are created by an abrupt change in microdevice wall direction. When interface reaches this abrupt change in wall direction, curvature radius becomes 0, and spontaneous filling is stopped. In order to design capillary valves in hydrophilic microdevices, the change in pillar wall direction (β) needs to satisfy β ≥ 90°− θ (for SU-8, β ≥ 18°). As β increases, capillary valves can withstand higher pressures before failure (in our square shaped pillars β = 90°). In principle, the main front interface created across the central microchamber could be halted at the first series of pillars, since they create also a capillary valve. Due to its larger width, however, lower external pressure is required to reach a curvature equal to the native angle (P front ) as compared to the lateral interface (P lateral ) (Safavieh and Juncker, 2013) . As long as the pressure applied to the inlet (P inlet ) is kept between these two values (i.e., P front < P inlet < P lateral ), microchamber filling will occur without leakage into lateral microchannels. When a SU-8 based microdevice is designed with the described geometry, location of a droplet (≈10 µl) exerted a pressure that spanned between these ranges, allowing proper hydrogel confinement.
The microdevice presented in this article has been then tested on self-induced chemotaxis experiments. In contrast with previous reported chemotaxis experiments, the nutrient chemotaxis is created by the activity of cells, a situation is to be considered closer to natural gradient environments. During the course of the experiment, metabolism of cells located close to the perfused channel created a nutrient starvation for cells located far away, which led to a strong migratory process toward the perfused lateral microchannel. Interestingly, in this long-term culture, experiments cells seemed to enclose around SU-8 pillars. Proliferation rate reduction was quite expected since many reports have demonstrated how cell proliferation is normally lower in 3D systems compared with 2D cultures (Smalley et al., 2006; Wells, 2008; Ali et al., 2014; Antoni et al., 2015) . Furthermore, an inverse relationship between the collagen hydrogel stiffness and proliferation rate has been shown in bone cells (Jha et al., 2014) . Previous results obtained in imposed chemotactic assays show that cell migration occurs after few minutes or hours (Zicha et al., 1997; Zimmermann et al., 2007; Bhattacharjee et al., 2010; Kim et al., 2013b Kim et al., , 2010 Chen et al., 2011; Funamoto et al., 2012) . In contrast, in the presented paper, a more complex response was observed, since cell response occurred only after several days under nutrient restriction. We hypothesize that at first there was enough amount of nutrients within the central microchamber, and only after few days this concentration dropped below a threshold, which impelled the cells to migrate. As a consequence, the process for the creation and establishment of nutrient starvation and cell reaction could be better studied in future experiments using the developed microsystem and protocol. While modifying initial cell density or specific nutrient concentrations (glucose, etc.) within the central microchamber could lead to different responses and even to the generation of cellular autophagy and necrotic regions.
Conclusion
In this paper, we present a designed based protocol for hydrogel confinement within microfluidic devices made of hydrophilic materials. Therefore, it can be suitable for any hydrophilic material by a simple adjustment of the chamber design, facilitating the use of new materials such as polystyrene, COC, or SU-8. The developed protocol was tested with a hydrophilic SU-8-based microdevice, and produced positive results independent of the injected solution. After hydrogel confinement, biocompatibility of the microdevice was confirmed, showing cell viabilities >90% in all cases. Under restricted conditions, and due to cell metabolism, a strong migratory process toward the nutrient source was induced. Many other reports have shown previously examples of chemotaxis, but in such articles chemotaxis conditions are externally imposed. This is the first example in which the chemotaxis is generated naturally by cells within a microfluidic device, causing a self-induced migratory process. This self-induced process showed a dynamic very different compared with other imposed chemotaxis assays. Thus, combining the described methodology, with sensor integration within the SU-8 based microdevices, precise monitoring of metabolites could be done in real time during biological process like tumor growth and invasion.
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